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1. Introduction
The pronounced transient period of climatic dete-
rioration after the last glaciation, by Jessen (1935)
pollen analytically defined in Denmark as the last
late-glacial period, the Younger Dryas, was prece-
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The late-glacial Younger Dryas Stadial, as defined over seventy years ago in Denmark,
was compared with the withdrawal of the Scandinavian ice sheet and correlated in Fin-
land in 1951 with the formation of the Salpausselkä moraines. Since then a great num-
ber of studies of Younger Dryas has eventually led to its definition in the Event Strati-
graphy for the North Atlantic region, based on the oxygen isotope stratigraphy in the
Greenland ice-core NGRIP. The age of the Younger Dryas / Preboreal boundary, the be-
ginning of the Holocene, is in this stratigraphy dated at 11 653 yr. BP, an age close to the
age deter-mined for the drainage of the Baltic Ice Lake and the beginning of the rapid
retreat of the ice margin from Salpausselkä II in Finland and the corresponding Billingen
moraine in Sweden. This leads to the conclusion that the Salpausselkä moraines Ss I
and Ss II were formed during Younger Dryas, according to the revised varve chronology
between c. 12 260 and c. 11 600 yr. BP. The third Salpausselkä, Ss III, was according to
this dating formed in early Holocene.
   After the 1950s, when the Salpausselkä moraines were dated as having been formed
during the Younger Dryas Stadial, the ages of the boundaries of Younger Dryas changed
as a result of revisions of the time scales of varved clays and the use of radiocarbon
ages and their calibrations. As a result of these changes the age of the two main Salpa-
usselkä moraines, Ss I and Ss II, is older than assumed 60 years ago on the basis of the
varve chronology.
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The Younger Dryas age of the Salpausselkä
moraines in Finland
ded by the Alleröd period and followed by the post-
glacial amelioration of climate at the beginning of
the Holocene. The Alleröd and Younger Dryas pe-
riods were identified by the end of the 1940s in a
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number of sites in Denmark, southern Sweden and
Norway, as well as elsewhere in northern continen-
tal Europe and in Britain. Summarizing these re-
sults, and taking into account the spatial distributi-
on of the sites where Alleröd deposits had been iden-
tified, a correlation of the Younger Dryas with the
formation of the Salpausselkä moraines in Finland
was presented in a pollen-analytical study (Donner,
1951). The correlation had already been indicated
in previous studies as the Salpausselkä moraines,
being part of the Fennoscandian moraines, were
formed during the last major standstills or re-ad-
vances of the ice margin before the final melting
and withdrawal of the Scandinavian ice sheet (Fig.
1).
At the time of the above-mentioned correlati-
on, Younger Dryas could not be directly dated.
During the formation of the Salpauselkä moraines,
the Baltic was an ice-dammed lake, the Baltic Ice
Lake (BIL), which was drained at Billingen in Swe-
den at the time when the ice margin withdrew from
the moraines. This event, recorded in the varved
Fig. 1. The Salpausselkä moraines in Finland and the Skövde-Billingen moraines in Sweden in the Younger Dryas zone of
the Fennoscandian moraines.
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clays as a drainage varve, was used indirectly to give
an age for the climatic change at the end of the Youn-
ger Dryas. In Sweden, the drainage of the Baltic Ice
Lake was dated by De Geer (1940) at 7912 BC,
whereas in Finland it was dated by Sauramo (1940)
at 7858 BC, thus at about 7900 BC or 9850 BP.
Later Sauramo (1949), however, concluded that
there was an approximately 1000 year gap in the
Swedish varve chronology and that the retreat of
the ice margin from the Salpauselkä moranes there-
fore started at about 9000 BC, or 10 950 BP, an age
mentioned in the correlation of the moraines with
Younger Dryas (Donner, 1951).
The correlation of Younger Dryas with the Sal-
pausselkä moraines, and with the Fennoscandian
moraines as a whole, is with some modifications
still generally accepted after 60 years of detailed stu-
dies of the period; in Sweden, for instance, the Sköv-
de and Billingen moraines (Fig. 1) have been refer-
red to as representing the Younger Dryas ice-margi-
nal zone (Lundqvist, 1995). As Younger Dryas is
characterized by an exceptionally rapid cold rever-
sal interrupting the general climatic amelioration
after the last glaciation, it has been studied in great
detail. With the improvement of dating methods it
has been possible to date it accurately and to define
its limits. The present contribution is presented in
order to elucidate how much and to what extent
the age of Younger Dryas has changed since it was
correlated with the Salpausselkä moraines in Fin-
land (Donner, 1951), and how accurately it can be
compared with the formation of these moraines and
the drainage of the Baltic Ice Lake. As the drainage
marks the beginning of the withdrawal of the ice
from the moraines, its age compared with the end
of the Younger Dryas period gives an indication of
how quickly the margin of the Scandinavian ice
sheet reacted to the amelioration of climate after
the Younger Dryas.
2. Pollen stratigraphy
and radiocarbon ages
The biostratigraphical correlation based on pollen
diagrams changed when the radiocarbon method
became widely used. Using the average radiocar-
bon ages from southern Scandinvia for the late-gla-
cial pollen zones, a chronostratigraphic scheme was
presented by Mangerud et al. (1974). The average
of 15 ages for the upper boundary of Younger Dry-
as was 10 099 yr. BP and of 8 ages for the lower
boundary 10 981 yr. BP, thus for a period of about
900 years. In the scheme, the boundaries were pla-
ced at 10 000 and 11 000 14C yr. BP. When the
conventional radiocarbon ages are calibrated to ca-
lendar years, using the data from Reimer et al.
(2004), the above-mentioned ages for Younger Dry-
as are 11 480 and 12 915 cal. 14C yr. BP (Table 1).
When the first radiocarbon ages from sites in
Finland became available it was clear that the basal
organic sediments described as representing Youn-
ger Dryas (Donner, 1951) were all early Holocene
in age. Later, however, a pollen assemblage zone,
P.A.Z., with a maximum of non-tree pollen, NAP,
and characterized by high percentages of Artemisia
pollen, was identified in pollen diagrams from
south-eastern Finland in the zone of the Salpaussel-
käs and their foreland (Hyvärinen, 1971, 1973).
The conventional radiocarbon ages of the Artemi-
sia zone in four studied profiles (Tolonen, 1967;
Repo & Tynni, 1967, 1969, 1971) were all within
the limits of Younger Dryas (Table 1), with which
the Artemisia zone was correlated in a summary of
the stratigaphical division of the Finnish pollen dia-
grams (Donner, 1971). The youngest age of 10 030
±160 BP, 11 540 cal. 14C yr. BP, is close to the age
of the upper boundary of the Younger Dryas chro-
nozone as defined by Mangerud et al. (1974). Two
of the above-mentioned sites, Mustalampi and Koi-
vusilta, were later studied in greater detail with ad-
ditional radiocarbon AMS ages, which, however, did
not alter the conclusions about the age of Younger
Dryas (Bondestam et al., 1994).
3. Dating of the drainage
of the Baltic Ice Lake
The drainage of the Baltic Ice Lake by 27–28 m
when the ice margin was at the second Salpausselkä
can morphologically be traced on the basis of the
distribution of the marginal deltas and sandur-del-
tas formed before and after the drop of water level
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at the beginning of the Yoldia Sea stage in the Bal-
tic. The scheme represented by Sauramo (1940) used
in the pollen-analytical study by Donner (1951) was
later simplified to a scheme with only one drainage
of the Baltic Ice Lake (Donner, 1992), without any
additional great water-level fluctuations during the
formation of the Salpausselkä moraines.
The age of the drainage as traced in the varved
clays is, as pointed out earlier, of particular interest
in comparing the age of the Salpausselkä moraines
with Younger Dryas. The two main moraines, Ss I
and Ss II, were according to the Finnish varve chro-
nology formed in 660 years (Sauramo, 1918, 1923,
1929), thus in a shorter time than that of the Youn-
ger Dryas period. During the retreat of the ice mar-
gin there was an additional standstill when the third
Salpausselkä, Ss III, was formed, from which the
retreat started 292 years after the drainage, which
in the Finnish varve chronology represents the zero
year.
The dating of the drainage of the Baltic Ice Lake
with varved clays can in Finland only be done by
connecting the Finnish chronology with the Swe-
dish varve time scale across the Gulf of Bothnia.
Thus, in the comparison of the Swedish and Fin-
nish time scales Strömberg (1990) concluded that
the zero year in Finland corresponed to the year -
1405 in Sweden, dated at 8593 BC, 10 643 BP
(Table 1), a year used in a comparison of the two
varve chronologies (Donner, 1995). Later, in dis-
cussing the varve dating of the deglaciation at Mt.
Billingen in Sweden, Strömberg (1994) correlated
the beginning of the rapid ice recession from the
main moraines, described by him as the Middle-
Swedish moraines, with the change in climate after
Younger Dryas, c. 10 940 v. yr. BP in the Swedish
time-scale. The final drainage of the Baltic Ice Lake
was given an age of c. 10 980 v. yr. BP.
By connecting the onset of the rapid retreat of
the ice margin with the Younger Dryas / Preboreal
Reference Non-calibrated age Calibrated age* Study location
Upper boundary of Younger Dryas
Mangerud et al. (1974) 10 000 14C yr. BP 11 480 cal. yr. BP
Strömberg (1994) 11 550 yr. BP GRIP
11 600 yr. BP GISP-2
Andrén et al. (1999, 2002) 11 525 yr. BP GRIP
Rasmussen et al. (2006) 11 653 cal. yr. BP NGRIP
Radiocarbon ages of Younger Dryas (= Artemisia zone)
Repo & Tynni (1971) 10 030 ±160 yr. BP  11 540 cal. yr. BP Pikku-Miettilä, Rautjärvi
Repo & Tynni (1967) 10 060 ±140 yr. BP 11 635 cal. yr. BP Mustalampi, Ilomantsi
Repo & Tynni (1969) 10 140 ±225 yr. BP 11 715 cal. yr. BP Mustalahti, Ilomantsi
Repo & Tynni (1969) 10 200 ±300 yr. BP 11 890 cal. yr. BP Koivusilta, Saari
Drainage of Baltic Ice Lake
Sauramo (1949), Donner (1951) 10 950 v. yr. BP Finland
Björck (1981) 10 250 yr. BP Blekinge, Sweden
Svensson (1989) 10 300 yr. BP Eastern Småland and Gotland,
Sweden
Strömberg (1990) 10 643 v. yr. BP
Strömberg (1994) 10 980 v. yr. BP
Andrén et al. (1999)** 10 690 v. yr. BP 11 565 yr. BP GRIP
Saarnisto & Saarinen (2001) 11 590 yr. BP Russian Karelia
Andrén et al. (2002)*** 10 800 yr. BP 11 560 yr. BP GRIP
BP = before 1950 v. yr. BP = varve years before 1950
* Calibrated following Reimer et al. (2004)
** 875 varves missing
*** 760 varves missing
Table 1. Ages of Younger Dryas and the drainage of the Baltic Ice Lake.
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(Holocene) boundary, which in the Greenland ice
cores GRIP (Johnsen et al., 1992) and GISP-2 (Tay-
lor et al., 1993) had been dated at c. 11 550 and c.
11 600 BP respectively, Strömberg (1994) conclu-
ded that the difference in age of 800–900 years as
compared with the varve age for the beginning of
the rapid ice retreat in Sweden could not conceiva-
bly have been caused by a time-lag in the retreat of
the ice margin. The discrepancy between varve yea-
rs and age determinations of Younger Dryas was in
later investigations taken to be caused by an error
in the Swedish varve chronology, suggesting a large
gap of missing years in the varve sequence.
In two cores of varved clay from the Baltic
southeast of Stockholm, Andrén et al. (1999) were
able to link the Swedish varve chronology with the
local pollen assemblage zones in the cores, and furt-
her with the Younger Dryas / Preboreal boundary
of the regional pollen stratigraphy. The age obtained
for the boundary was c. 10 650 v. yr. BP, which was
then compared with the age in the Greenland ice
core, GRIP, of 11 525 yr. BP This led to the con-
clusion that the difference between the two ages
meant that c. 875 years were missing in the varve
time-scale for varves younger than 10 300 years. As
the Younger Dryas / Preboreal boundary in the var-
ved clays coincided with the onset of the rapid rate
of ice recession, the results showed that there was
no time-lag in the response of the ice margin to the
change in climate, in agreement with Strömberg’s
conclusion. In the Swedish varve chronology the
drainage of BIL took place c. 40 years prior to the
above-mentioned boundary, thus at c. 11 565 yr.
BP The age for the beginning of the rapid ice reces-
sion, as quoted above, showed some local variations
in Sweden, as pointed out by Andrén et al. (1999),
and the ages must therefore be taken as approxima-
te ages.
In a study of cores of varved sediments from
Lake Onega in Russian Karelia, the longest one with
1300 varves, Saarnisto & Saarinen (2001) identi-
fied a westerly palaeomagnetic declination peak with
a calibrated AMS radiocarbon age of 13 090 yr. BP.
The same peak was traced in an earlier studied sec-
tion of varved clays with 1700 varves in Helylä in
the outskirts of Sortavala on the northern shore of
Lake Ladoga. After the declination peak, 1500 var-
ves were formed until the deposition ceased as a
result of the drainage of the Baltic Ice Lake. By subt-
racting 1500 years from the calibrated AMS age of
13 090 yr. BP for the palaeomagnetic declination
peak the age of 11 590 yr. BP was obtained for the
drainage (Table 1).
In the study of the varved clays in cores from
the Baltic Sea (Andrén et al., 1999) nine graphs were
used for cross-correlating. Later, five new varve
graphs were added, covering the period of c. 11 530
to 10 250 v. yr. BP (Andrén et al., 2002). The varve
age of the drainage of the Baltic Ice Lake was dated
at 10 800 v. yr. BP, close to a colour change in the
clays and also to the somewhat younger Younger
Dryas / Preboreal transition. By using the calendar
years BP in the GRIP Event Stratigraphy, with its
d18O record, the drainage was dated at 11 560 yr.
BP and the Younger Dryas / Preboreal boundary at
11 525 yr. BP. The missing years in the Swedish
time scale were according to the correlation c. 760
years in the part of the scale younger than c. 10 300
v. yr. BP.
The age of 11 560 cal. yr. BP for the drainage
of the Baltic Ice Lake to the level of the Yoldia Sea
was again used in the study by Andrén et al. (2007)
of a sediment core from the Blekinge archipelago
in southern Sweden. On the basis of earlier studies
on the pollen stratigraphy of sediments of lakes and
mires in Blekinge, detailed shoreline displacement
curves had been constructed, in which the dating
of the final drainage of the Baltic Ice Lake was based
on radiocarbon ages and compared with pollen zo-
nes (Berglund, 1966; Björck, 1981). It was thus an
area in which the shoreline displacement could di-
rectly be dated using ages of the isolation levels of
basins below the highest shoreline. Björck (1981)
dated the lowering of the Baltic Ice Lake from 30 m
a.s.l. to at least 4 m a.s.l. at 10 250 radiocarbon
years BP, an age somewhat younger than those listed
in Table 1.
In a detailed study of basins and raised beaches
on the island of Gotland and in eastern Småland
on the mainland, Svensson (1989) demonstrated
that the initial drainage of the Baltic Ice Lake by 25
m was a rapid regression, dated at c. 10 300 radio-
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carbon years BP, in agreement with the age deter-
mined by Björck (1981) in Blekinge (Table 1).
Svensson also presented a map of the isobases of
the Baltic Ice Lake prior to the final drainage, in
Finland including the area north of Salpausselkä II.
In addition, a detailed digital 3 D-reconstruction
of the Baltic Ice Lake, before its drainage, was pre-
sented by Jakobsson et al. (2007).
The dating of the drainage of the Baltic Ice Lake
based on radiocarbon ages of sediments of lakes and
mires presented by Björck (1981) and Svensson
(1989) are, as seen in Table 1, somewhat younger
than those based on varved clays in later studies
making comparisons with ages of the Younger Dryas
in Greenland ice cores.
4. Conclusions
In the numerous studies of Younger Dryas, and the
Late-glacial in general, it soon became clear that the
boundaries as defined in southern Scandinavia
(Mangerud et al., 1974) are diachronous in a wider
area (Hoek, 2008). In many biostratigraphical stu-
dies of Younger Dryas, the radiocarbon ages have
been quoted as calibrated ages BP as given by Reimer
et al. (2004), in addition to conventional ages, but
in studies of varved clays comparisons have been
made with the oxygen isotope stratigraphy in the
Greenland ice cores, both with GRIP (Johnsen et
al., 1992) and with GISP-2 (Taylor et al., 1993). In
this way, years missing in the varve chronology could
be demonstrated in the Swedish time scale, by An-
drén et al. (2002) concluded as being 760 years.
In order to define the Late-glacial stadials and
interstadials, an Event Stratigraphy based on the
Greenland ice-core record from NorthGRIP (NG-
RIP) was presented as a standard scheme for the
North Atlantic region (Rasmussen et al., 2006;
Hoek, 2008). The age of the upper boundary of
GS-1 (= Younger Dryas) in the Event Stratigraphy,
11 653 cal. yr. BP, and the formally ratified age of
11 650 yr. BP for the base of the Holocene, are
close to the ages obtained for this boundary listed
in Table 1, and also to the ages for the drainage of
the Baltic Ice Lake. This means that as a result of
the climate change about 11 600 years ago, the ra-
pid retreat of the ice margin in Finland and Sweden
began so soon that a delay cannot with certainty be
demonstrated. On the other hand, the response of
the ice margin during the cold Younger Dryas is
complex. According to the Finnish varve chronolo-
gy the two main Salpausselkä morains, Ss I and Ss
II, were formed in 660 years. If the drainage of the
Baltic Ice Lake north of Salpausselkä II is dated at
11 600 yr. BP, and if the varve chronology is cor-
rect, the two Salpauselkäs were formed between
about 12 260 and 11 600 yr. BP, in a shorter time
than the length of the Younger Dryas of nearly 1200
years in the Event Stratigraphy based on NGRIP.
This means that the first Salpausselkä was formed
during a standstill, or after a re-advance, of the ice
margin nearly 600 years after the pronounced be-
ginning of the Younger Dryas. The reaction of the
margin of the retreating Scandinavian inland ice may
thus have been delayed in the beginning of the pro-
nounced Younger Dryas deterioration of climate,
but not during the amelioration of climate at the
beginning of the Holocene. The formation of Ss I
would, according to the varve chronology presented
by Niemelä (1971), have started already 1124 years
before the drainage of the Baltic Ice Lake, i.e. the
end of Younger Dryas. The above-mentioned peri-
od of 660 years for the formation of the Salpaussel-
käs agrees, however, with the length of 600-700 years
for the formation of the two corresponding morai-
nes of Skövde and Billingen in central Sweden
(Strömberg, 1989, 1990; Lundqvist, 1995) and is
therefore considered to be more reliable.
That two major moraines, Ss I and Ss II, sepa-
rated by a zone of withdrawal, were formed in Fin-
land during the Younger Dryas suggests that there
were fluctuations of climate during this period. The
less conspicuous Salpausselkä III moraine in South-
western Finland was, according to the Finnish var-
ve chronology, formed about 300 years after the
beginning of the Holocene.
The chronological relationship between Youn-
ger Dryas, as defined in the Event Stratigraphy, and
the Salpausselkä moraines in Finland can, on the
basis of the studies quoted above, be summarized
as in Figure 2. The difference between the correlati-
on given above to that presented sixty years ago
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(Donner, 1951) is in the older age of Younger Dry-
as and in Salpausselkä III not being included in
Younger Dryas. There have, however, been changes
in the age of the Younger Dryas over the years, based
on the Greenland ice cores, as the methods of da-
ting have been refined. The Event Stratigraphy is
based on NGRIP, whereas earlier comparisons were
made with GRIP and GISP-2. The small differen-
ces in the interpretations of the chronology have
also been due to how Younger Dryas has been de-
fined.
In addition to the dating of the Salpausselkä
moraines in Finland using varve years and radio-
carbon ages, surface exposure dating with cosmo-
genic nuclides has been applied. 10Be dating of boul-
ders on Salpausselkä I west of Lahti in southern Fin-
land gave a mean exposure age of 11 420 ±470 yr.,
which taking into account the erosion of rock sur-
faces increases the age to 11 610 ±470 yr. (Tschudi
et al., 2000). It was considered to be within the
range of Younger Dryas in the GRIP and GISP-2
ice cores and the varve dating of Ss I by Niemelä
(1971). As the age is close to the age for the draina-
ge of the Baltic Ice Lake and the end of the Younger
Dryas, when Ss II was formed, the age of the surfa-
ce exposure dating of the boulders on Ss I is several
hundred years too young, even if the margin of er-
ror is taken into account. The general usefulness of
exposure dating of glacial landforms has, however,
been demonstrated in many areas (Reuther et. al.,
2006).
No conclusive explanation has yet been found
for why there was a rapid cooling in the beginning
of the Younger Dryas event recorded in the isotope
record from Greenland.
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